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(57) ABSTRACT

A spin rotary member includes a substrate, a spin injector
made of a ferromagnetic material magnetized in a substrate
in-plane direction, and provided on the substrate, a spin rotor
made of a ferromagnetic material having a magnetic
moment rotatable in the substrate in-plane direction, and
provided on the substrate, being separated from the spin
injector, a channel part made of a non-magnetic material,
arranged between the spin injector and the spin rotor, and
bonded with the spin injector and the spin rotor directly or
through an insulating layer, and a spin rotation control part
configured to control a rotation direction of spin of the
channel part.
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1
SPIN MOTOR AND ROTARY MEMBER

This application is a National Stage entry under 35 U.S.C.
371 of International Patent Application No. PCT/JP2013/
070216, filed on Jul. 25, 2013, which claims the benefit of
and priority to Japanese Patent Application No. P2012-
177339, filed on Aug. 9, 2012, the entire contents of each of
which are incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a spin motor and a spin
rotary member.

BACKGROUND ART

Conventionally, a nanoscale small motor is known as a
motor (for example, see Patent Literatures 1 and 2). A motor
described in Patent Literature 1 includes a rotor including
magnet, and small coils surrounding the rotor from four
directions, and is driven using electromagnetic induction. A
motor described in Patent Literature 2 includes a rotor made
of a non-magnetic material to which an electrode is con-
nected, and is driven using gyromagnetic effect.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open No. 2007-069325

Patent Literature 2: Japanese Patent Application Laid-
Open No. 2006-345638

SUMMARY OF INVENTION
Technical Problem

However, with regard to the motor described in Patent
Literature 1, it is necessary to assemble the rotor, adjusting
an arrangement relation to surround the rotor with a plurality
of coils, and thus manufacturing may become difficult when
achieving further downsizing. Further, with regard to the
motor described in Patent Literature 2, it is necessary to
apply a current to the rotor itself, and thus a special structure
to be coupled with the electrode in a state where rotating of
the rotor is secured is necessary. Therefore, in the present
technical field, a motor with a simple structure and a
member used for the motor are desired.

Solution to Problem

A spin rotary member according to one aspect of the
present invention includes: a substrate; a spin injector made
of a ferromagnetic material magnetized in a substrate in-
plane direction, and provided on the substrate; a disk-like
spin rotor made of a ferromagnetic material having a mag-
netic moment rotatable in the substrate in-plane direction,
and provided on the substrate, being separated from the spin
injector; a channel part made of a non-magnetic material,
arranged between the spin injector and the spin rotor, and
bonded with the spin injector and the spin rotor directly or
through an insulating layer; and a spin rotation control part
configured to control a rotation direction of spin of the
channel part.

With such a configuration, when a current or a voltage is
applied to the spin injector made of a ferromagnetic material
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and the channel part made of a non-magnetic material, for
example, a spin current is caused in the channel part toward
the spin rotor made of a ferromagnetic material. Spin
flowing in the channel part functions as a spin-transfer
torque with respect to the magnetic moment of the spin rotor.
At this time, the direction of spin flowing in the channel part
can be controlled by the spin rotation control part, and thus
the magnetic moment of the spin rotor can be rotated.
Therefore, the spin rotary member can be realized with a
simple structure. Further, by use of the spin rotary member,
a motor with a simple structure can be configured, for
example.

In an embodiment, the spin rotation control part may be
bonded with the channel part directly or through an insu-
lating layer, and may apply a voltage to the channel part.
Further, the spin rotation control part may irradiate the
channel part with the circularly polarized light. Further, the
spin rotation control part may change a voltage value to be
applied to the spin injector. With such a configuration, a spin
current flowing in the channel part can be appropriately
controlled.

In an embodiment, the channel part may be formed of a
semiconductor material. With such a configuration, the
channel part is irradiated with the circularly polarized light,
whereby the direction of spin can be controlled. Further, spin
control through spin-orbit interaction can be performed.

In an embodiment, the channel part may include a two-
dimensional electron gas layer. With such a configuration,
spin is supplied by the two-dimensional electron gas layer.
Therefore, propagation of angular momentum of spin in the
channel part can be efficiently performed.

In an embodiment, the channel part is a linear member
arranged such that an axial direction faces an in-plane
direction, and the diameter of the spin rotor may be smaller
than a line width of the channel part. With such a configu-
ration, propagation of angular momentum of spin with
respect to the spin rotor can be efficiently performed.

A spin motor according to another aspect of the present
invention includes a substrate, a spin injector made of a
ferromagnetic material magnetized in a substrate in-plane
direction, and provided on the substrate, a spin rotor made
of a ferromagnetic material having a magnetic moment
rotatable in the substrate in-plane direction, and provided on
the substrate, being separated from the spin injector, a
channel part made of a non-magnetic material, arranged
between the spin injector and the spin rotor, and bonded with
the spin injector and the spin rotor directly or through an
insulating layer, a spin rotation control part configured to
control a rotation direction of spin of the channel part, and
a motor rotor made of a ferromagnetic material, arranged to
face and to be separated from the spin rotor, and configured
to be rotated following the magnetic moment of the spin
rotor.

With such a configuration, when the magnetic moment of
the spin motor is rotated, the motor rotor made of a ferro-
magnetic material, and arranged to face the spin rotor can be
rotated following the rotation of the magnetic moment of the
spin rotor. Therefore, the spin motor can be realized with a
simple structure in which the spin rotor and the motor rotor
are arranged to face each other.

In an embodiment, the spin rotor may have a disk shape,
and the motor rotor may be arranged such that a rotation axis
is perpendicular to the substrate. When the spin rotor is a
disk shape, magnetic anisotropy of the spin rotor in the
substrate in-plane direction can be made uniform. Therefore,
rotation of the magnetic moment of the spin rotor in the
substrate in-plane direction can be easily controlled.
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In an embodiment, the channel part may be formed on the
substrate, the spin injector and the spin rotor may be formed
on the channel part, and the motor rotor may be arranged to
be separated above the spin rotor. With such a configuration,
the spin motor can be easily produced.

Advantageous Effects of Invention

As described above, according to various aspects and
embodiments of the present invention, a motor with a simple
structure and a member used for the motor can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a spin rotary member
according to an embodiment.

FIG. 2 is a cross-sectional view along an II-1I line of FIG.
1.

FIG. 3 is a perspective view of a spin motor according to
an embodiment.

FIG. 4 is a schematic diagram for describing an operation
principal of a spin rotary member according to an embodi-
ment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
specifically described with reference to the appended draw-
ings. Note that the same elements are denoted with the same
reference sign in the description of the drawings, and
overlapping description is omitted. Further, dimension ratios
of the drawings do not necessarily accord with the descrip-
tion.

A spin motor according to the present embodiment is a
spin motor that is an application of a so-called spin valve
structure, and is favorably employed as a nanoscale spin
motor, for example. FIG. 1 is a perspective view of a spin
rotary member used for the spin motor according to the
embodiment. FIG. 2 is a cross-sectional view along an II-II
line of FIG. 1.

As illustrated in FIG. 1, a spin rotary member 10 includes,
for example, a channel part 12, a spin injector 14, a spin
rotation control part 15, and a spin rotor 16. Here, an
in-plane spin valve structure is formed, in which the spin
injector 14 made of a ferromagnetic material and the spin
rotor 16 made of a ferromagnetic material are bridged by the
channel part 12 made of a non-magnetic material. The spin
injector 14 and the spin rotor 16 can be formed of Fe, NiFe,
or the like. The channel part 12 can be formed of a
semiconductor material such as Si or gallium arsenide
(GaAs) or a non-magnetic metal such as Ag or Cu, or the
like. Hereinafter, a case in which the channel part 12 is
formed of a semiconductor material will be described.

As illustrated in FIGS. 1 and 2, the channel part 12 is
arranged on a substrate 24. As the substrate 24, a semicon-
ductor substrate is used, for example. The channel part 12 is
a linear member, and is arranged such that an axial direction
thereof faces an in-plane direction. The channel part 12 is
formed such that a semiconductor layer 20 laminated on the
substrate 24 is machined in a mesa manner. The line width
of the channel part 12 is 10 um or less, for example. Further,
the line width of the channel part 12 may be 0.05 um or
more, for example. Note that, when a two-dimensional
electron gas layer 22 is formed between the substrate 24 and
the semiconductor layer 20, the channel part 12 may be
formed such that the two-dimensional electron gas layer 22
and the semiconductor layer 20 are machined in a mesa
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manner. For example, when a GaAs substrate is used as the
substrate 24, and the semiconductor layer 20 is formed such
that the substrate 24 is doped with electrons, the two-
dimensional electron gas layer 22 is formed between the
semiconductor layer 20 and the substrate 24.

The spin injector 14 is provided on the substrate 24. The
spin injector 14 is a linear member, arranged such that an
axial direction faces the in-plane direction, and magnetized
in the in-plane direction. Note that, here, the spin injector 14
is arranged on the channel part 12. The spin injector 14 is
arranged to intersect with the channel part 12. Therefore, the
spin injector 14 and the channel part 12 are in contact with
each other (are directly bonded). An area where the spin
injector 14 and the channel part 12 intersect with each other
is a spin injection area (spin injection position). The line
width of the spin injector 14 is 10 pm or less, for example.
Further, the line width of the spin injector 14 may be 0.05
um or more, for example.

The spin rotor 16 is provided on the substrate 24, being
separated from the spin injector 14. The spin rotor is a disk
member, and is formed such that a magnetic moment faces
a substrate in-plane direction. Note that the disk member
means a member having a shape where a horizontal cross
section does not form an acute angle portion. The disk
member may be a disk-shaped (dot-shaped) member with a
small diameter, or a conical member. Further, examples of
the disk member include not only a plate-like member with
a circular horizontal cross section, but also a member with
an elliptical horizontal cross section, and a member with a
polygonal horizontal cross section and an angle of a corner
of nearly 180 degrees, which is an extremely large polygon.
Here, the spin rotor 16 is arranged on the channel part 12.
The spin rotor 16 is in contact with (is directly bonded with)
the channel part 12. Here, the spin rotor 16 is formed such
that the diameter becomes smaller than the line width of the
channel part 12. The diameter of the spin rotor 16 is 10 um
or less, for example. Further, the diameter of the spin rotor
16 may be 0.05 um or more, for example.

As described above, the in-plane spin valve structure in
which the channel part 12 is arranged between the spin
injector 14 and the spin rotor 16 is formed. A terminal part
14a for current or voltage application is formed at one end
portion of the spin injector 14, and a terminal part 12a for
current or voltage application is formed at one end portion
(an end portion closer to the spin injector 14, of both end
portions) of the channel part 12.

The spin rotation control part 15 includes a voltage
control part and a voltage application terminal, for example.
The spin rotation control part 15 is connected to the channel
part 12. For example, the spin rotation control part 15 is
directly connected with an area on the channel part 12, the
area being positioned between the spin injector 14 and the
spin rotor 16. The spin rotation control part 15 is configured
to be capable of applying an electric field or a magnetic field
to the channel part 12 in order to control a rotation direction
of spin of the channel part 12. The spin rotation control part
15 has an approximately rectangular parallelepiped shape,
and the width in a direction perpendicular to a longitudinal
direction of the channel part 12 is 10 pum or less, for example.
Further, the width in the direction perpendicular to the
longitudinal direction of the channel part 12 may be 0.1 um
or more, for example. Note that there the spin rotor 16 is
formed such that the width in the direction perpendicular to
the longitudinal direction of the channel part 12 becomes the
line width of the channel part 12 or less.

FIG. 3 is a perspective view illustrating a spin motor
according to an embodiment. As illustrated in FIG. 3, a spin
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motor 40 includes a spin rotary member 10 and a motor rotor
30. The motor rotor 30 is formed of a ferromagnetic mate-
rial, and is arranged to face and to be separated above a spin
rotor 16. The motor rotor 30 may just be arranged in a range
where a stray magnetic field of the spin rotor 16 is trans-
mitted, and is arranged in a range of several tens of nm or
less from the spin rotor 16, for example. That is, the motor
rotor 30 is arranged in a rotatable position, following the
magnetic moment of the spin rotor 16. The motor rotor 30
has an approximately disk-like shape, and is arranged such
that a rotation axis thereof is perpendicular to the substrate
24. Note that the shape of the motor rotor 30 is not limited
to the approximately disk-like shape, and may be a bar-like
member, or the like. A bar-like member that transmits a
rotary motion of the motor rotor 30 is connected to the motor
rotor 30. The diameter of the motor rotor 30 is 10 um or less,
for example. Further, the diameter of the motor rotor 30 may
be 0.1 um or more, for example.

The spin rotary member 10 and the motor rotor 30 having
the above-described configuration are operated as follows.
FIG. 4 is a schematic diagram for describing an operation
principal of the spin motor 40 of an embodiment. First, a
current is applied to between the terminal part 14a of the
spin injector 14 and the terminal part 12a of the channel part
12. Accordingly, spin that is antiparallel to a magnetization
direction of the spin injector 14 is injected to the channel
part 12, as illustrated in FIG. 4. The spin injected to the
channel part 12 is diffused to the both end portions of the
channel part 12. At this time, spin antiparallel to the diffused
spin flows from the spin rotor 16 side to the spin injector 14
side. Therefore, a spin current without charges is generated
from the spin injector 14 side to the spin rotor 16 side. The
spin flowing in the channel part 12 performs precession due
to spin-orbit interaction, and the spin-orbit interaction is
controlled by an electric field by a voltage applied by the
spin rotation control part 15. That is, the direction of spin
flowing in the channel part 12 is changed by the applied
voltage of the spin rotation control part 15. Here, the
direction of spin is gradually changed in the substrate
in-plane direction by A8 according to time. At this time, a
fixed value may be set as a rotation angle. For example, it
may be set to rotate by 10° (A8=10°) per unit time. Alter-
natively, the rotation angle may be a variable value. The spin
current reaching the spin rotor 16 has the direction of spin
rotated by A0 in the substrate in-plane direction in time
series. The spin of the channel part 12 provides a spin-
transfer torque to the magnetic moment of the spin rotor 16.
Therefore, because the direction of spin of the spin current
is rotated in time series, the magnetic moment of the spin
rotor 16 is rotated. At this time, as illustrated in FIG. 3, the
motor rotor 30 is rotated following the magnetic moment of
the spin rotor 16. As described above, the rotation of the
magnetic moment is converted into kinetic energy, whereby
the spin motor can be driven as the spin motor 40. Further,
for example, when as the horizontal cross section of the spin
rotor 16, a shape having a difference in length of axes such
as an ellipse is employed, the magnetic moment can easily
face a major axis direction, and thus the direction of an
initial magnetic moment can be controlled.

As described above, according to the spin rotary member
10 and the spin motor 40 of an embodiment, the motor rotor
30 is simply arranged to be separated above the spin rotor
16, whereby the rotation of the magnetic moment can be
converted into the kinetic energy. That is, it is not necessary
to assemble the motor rotor 30, adjusting the arrangement
relation to surround the rotor with a plurality of coils, and it
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is not necessary to apply a current to the motor rotor 30
itself. Therefore, a motor with a simple structure can be
achieved.

Further, according to the spin rotary member 10 and the
spin motor 40 of an embodiment, the spin rotary member
and the spin motor 40 can be manufactured by performing
of laminating/etching on the substrate 24, and thus can be
easily manufactured by conventional semiconductor tech-
nologies.

Further, while the spin diffusion length of a non-magnetic
metal is about several hundreds of nm at room temperature,
the spin diffusion length of a semiconductor is longer by
more than one digit than the non-magnetic material. There-
fore, the channel part 12 is formed of a semiconductor
material, whereby the spin injector 14 and the spin rotor 16
can be formed, being separated from each other, compared
with a case where another non-magnetic material is
employed. Therefore, severe machining accuracy is not
required in the manufacturing process, compared with the
case where another non-magnetic material is employed, and
the spin rotary member 10 can be easily produced.

Further, according to the spin rotary member 10 of an
embodiment, the channel part 12 is formed of the two-
dimensional electron gas layer 22 and the semiconductor
layer 20, whereby spin is supplied from the two-dimensional
electron gas layer 22. Therefore, propagation of angular
momentum of the spin in the channel part 12 can be
efficiently performed.

Further, according to the spin rotary member 10 of an
embodiment, the spin rotor 16 is formed such that the width
in the direction perpendicular to the longitudinal direction of
the channel part 12 becomes the line width of the channel
part 12 or less. Therefore, the angular momentum of the spin
of the channel part 12 can be efficiently propagated to the
spin rotor 16.

Further, according to the spin rotary member 10 of an
embodiment, the current application terminal part 12a is
formed at the end portion of the channel part 12, which is
close to the spin injector 14. Therefore, a spin current
without a flow of charges is generated, and the magnetic
moment of the spin rotor 16 can be rotated. Therefore,
generation of Joule heat can be suppressed, and thus the spin
rotary member 10 can be stably operated.

The above-described embodiment illustrates an example
of the spin rotary member and the spin motor according to
the present invention. The present invention is not limited to
the spin rotary member and the spin motor according to the
embodiment, may be modified, or may be applied to other
embodiments.

For example, in the above-described embodiment, an
example in which the spin injector 14, the spin rotation
control part 15, and the spin rotor 16 are directly bonded
with the channel part 12 has been described. However, at
least one of the spin injector 14, the spin rotation control part
15, and the spin rotor 16 may be bonded with the channel
part 12 through an insulating layer. Even with such a
configuration, the spin rotary member can function as the
spin rotary member 10.

Further, in the above-described embodiment, an example
in which the spin injector 14 and the spin rotor 16 are
arranged above the channel part 12 has been described.
However, the spin injector 14 and the spin rotor 16 may be
arranged in any layout as long as at least a part of the spin
injector 14 and the spin rotor 16 is in contact with the
channel part 12. That is, the spin injector 14 and the spin
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rotor 16 may be arranged at a side portion of the channel part
12. Further, the spin rotor 16 may be the line width of the
channel part 12 or more.

Further, in the above-described embodiment, an example
of applying the current to the channel part 12 has been
described as the spin rotation control part 15. However,
another spin rotation control part may be employed. For
example, an irradiation part that irradiates the channel part
12 with circularly polarized light may be employed as the
spin rotation control part 15. Note that, in this case, the
channel part 12 is formed of a semiconductor material. With
such formation, it becomes possible to control the direction
of spin using the circularly polarized light, and thus the
number of components to be in contact with the channel part
12 can be decreased.

Further, a control part that changes a voltage value to be
applied to the spin injector 14 may be employed as the spin
rotation control part 15. A Schottky barrier is formed in an
interface between a ferromagnetic material metal and a
semiconductor, and when energy of electrons and a reso-
nance level are matched, a large current flows. By change of
the voltage value to be applied to the spin injector 14, the
resonance level generated in the ferromagnetic material
metal/semiconductor interface can be changed. Therefore,
the direction of spin of the channel part 12 can be controlled
with the applied voltage to the spin injector. With such
formation, the number of components to be in contact with
the channel part 12 can be decreased.

Further, in the above-described embodiment, an example
in which a spin current without a flow of charges is gener-
ated by a so-called non-local technique and the spin rotor 16
is rotated has been described. However, the magnetic
moment of the spin rotor 16 may be rotated such that the
current application terminal part 21a is formed at the end
portion of the channel part 12, which is close to the spin
rotor 16, and the spin current with a flow of electrons is
generated by a so-called local technique. In this case, current
density can be made larger than that of the case of the
non-local technique. Therefore, the spin torque can be made
large. Therefore, the magnetic moment of the spin rotor 16
can be efficiently rotated.

Further, in the above-described embodiments, an example
in which the motor rotor 30 is arranged to face and to be
separated from the spin rotor 16 has been described. How-
ever, the spin rotor 16 and the motor rotor 30 are not limited
to the case of being separated. For example, the spin rotor 16
and the motor rotor 30 may be connected through a bearing
or the like. Even with such a configuration, the configuration
can function as a spin motor.

In the above-described embodiments, the description has
been given to include a case where the size of configuration
members of the spin rotary member 10 and the spin motor
40 are micrometer-order members. However, the configu-
ration members may be formed in nanometer-order size to
form the nanoscale spin rotary member 10 and the spin
motor 40.

INDUSTRIAL APPLICABILITY

The spin rotary member 10 has industrial applicability as
follows. The spin rotary member 10, for example, can be
used as a motor power source that drives a micro motor, like
the spin motor 40 according to the above-described embodi-
ments in the field of micro electro mechanical systems
(MEMS), nano electro mechanical systems (NEMS), and the
like. Further, the spin rotary member 10 and the spin motor
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40 can be used as a device component or a motor of the
electrical/electronic field, the medical related field, and the
like.

Further, the spin rotary member 10 can be used as a
component of a centrifugal separator (a component for
centrifugal separator), for example. A centrifugal separator
using the spin rotary member 10 may have a structure in
which a plurality of spin rotors 16 having different numbers
of rotations are arrayed, and a polymer biomaterial in which
magnetic beads are embedded, and the like are rotated
following a magnetic moment of the spin rotors 16, and
separated by centrifugal force, for example.

Further, the spin rotary member 10 may be used as a
component of an oscillator (a component for oscillator), for
example. An oscillator using the spin rotary member 10, for
example, may use magneto-resistance effect in which a
current flows only when directions of two magnetic
moments accord with each other. The oscillator may have a
structure of performing oscillation according to the number
of rotations of the spin rotor 16 by the magneto-resistance
effect using the direction of the magnetic moment of a
ferromagnetic material that is brought in contact with the
spin rotor 16 through a non-magnetic material member, and
the direction of the magnetic moment of the spin rotor 16.

REFERENCE SIGNS LIST

10 . . . Spin rotary member, 12 . . . Channel part, 14 . . .
Spin injector, 15 . . . Spin rotation control part, 16 . . . Spin
rotor, 24 . . . Substrate, 30 . . . Motor rotor, 40 . . . Spin motor

What is claimed is:

1. A spin rotary member, comprising:

a substrate;

a spin injector made of a ferromagnetic material magne-
tized in a substrate in-plane direction, and provided on
the substrate;

a disk-like spin rotor made of a ferromagnetic material
having a magnetic moment rotatable in the substrate
in-plane direction, and provided on the substrate, being
separated from the spin injector;

a channel part made of a non-magnetic material, arranged
between the spin injector and the spin rotor, and bonded
with the spin injector and the spin rotor directly or
through an insulating layer; and

a spin rotation control part configured to control a rotation
direction of spin of the channel part.

2. The spin rotary member according to claim 1, wherein
the spin rotation control part is bonded with the channel part
directly or through an insulating layer, and configured to
apply a voltage to the channel part.

3. The spin rotary member according to claim 1, wherein
the spin rotation control part irradiates the channel part with
circularly polarized light.

4. The spin rotary member according to claim 1, wherein
the spin rotation control part changes a voltage value to be
applied to the spin injector.

5. The spin rotary member according to claim 1, wherein
the channel part is formed of a semiconductor material.

6. The spin rotary member according to claim 1, wherein
the channel part includes a two-dimensional electron gas
layer.

7. The spin rotary member according to claim 1, wherein
the channel part is a linear member arranged such that an
axial direction faces an in-plane direction; and

a diameter of the spin rotor is smaller than a line width of
the channel part.
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8. A spin motor, comprising:

a substrate;

a spin injector made of a ferromagnetic material magne-
tized in a substrate in-plane direction, and provided on
the substrate;

a spin rotor made of a ferromagnetic material having a
magnetic moment rotatable in the substrate in-plane
direction, and provided on the substrate, being sepa-
rated from the spin injector;

a channel part made of a non-magnetic material, arranged
between the spin injector and the spin rotor, and bonded
with the spin injector and the spin rotor directly or
through an insulating layer;

a spin rotation control part configured to control a rotation
direction of spin of the channel part; and

a motor rotor made of a ferromagnetic material, arranged
to face and to be separated from the spin rotor, and
configured to be rotated following the magnetic
moment of the spin rotor.

9. The spin motor according to claim 8, wherein

the spin rotor has a disk shape, and

the motor rotor is arranged such that a direction axis is
perpendicular to the substrate.

10. The spin motor according to claim 8, wherein

the channel part is formed on the substrate;

the spin injector and the spin rotor are formed on the
channel part; and

the motor rotor is arranged to be separated above the spin
rotor.
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